Noise or signal radiated from target is used to detect the distance and azimuth of target in the passive sonar. The explosive sound source has some obvious advantages compared to pulse sonar transmitters. The three scalar-array is used to research on underwater explosion by obtaining the time delay information to achieve the estimation of distance and azimuth. The interpolation method is used to improve the precision of time delay estimation. The experiment results have verified the effectiveness of underwater explosion as a sound source in passive sonar and the accuracy of time delay estimation, showing that the explosion signals at different locations have small error of localization, high precision and right direction estimation.
Introduction
Detecting the azimuth and distance of target at the same time is one of the main tasks of sonar system. The explosive sound source has some obvious advantages compared to pulse sonar transmitters. Firstly, cable connection isn't needed and explosive signal can be produced in any specified depth. Secondly, high power, wide band of short pulses can be produced by explosion. Finally, the sound of explosions is no directional. Based on these characteristics, underwater explosion is used to achieve the determination of distance and direction in passive sonar detection.
Underwater explosive signals at different positions are collected by the three scalar-array in order to research the feasibility of the target's orientation. The effectiveness of underwater explosion as a sound source in passive sonar and the accuracy of time delay estimation are verified by outdoor experiments. The principle of time delay estimation is shown in Fig.1 .In the Fig.1 , S is the sound source, 1, 2, 3 separately represents the three-array element of passive sonar. Assuming the spacing of array element is d, the azimuth of target isθ , and the distance of the source to each array element is 1 r 2 r 3 r , so the result is: 
The distance model of three scalar-array
Supposing the acoustic velocity is c, and then the time delay is: Assuming target is in the far field, that is d r << , then the sound wave received can be approximated plane wave, so the approximate formula can be expressed as
In formula (4), 12 23 ε τ τ = − . Simulation results have confirmed that the error of localization of approximate formula is less than 0.1°, and the error of distance is less than 0.1%, so the approximate formula is used under normal circumstances.
Correlation time delay estimation
The value of time delay estimation is the key to passive location. Correlation time delay estimation is the common method in passive sonar which takes advantage of corresponding relationship between time delay and the peak of correlation function. Supposing the model of received signal is:
In formula (5) 
In formula (6) 
According to above analysis, the maximum value of equation (6) τ is the estimated time delayτ , which is the basic principle of cross-correlation delay.
Experimental research
The research group conducted a number of experiments in the Fenhe Reservoir in Taiyuan in order to study the method of localization based on underwater explosion signal. Three scalar-array was used to conduct experiment, consisting of three scalar hydrophone, and the distance between the two array elements was 0.375m, the scalar array distribution is shown in the following Fig.2 . In the experiments, the magnetic compass was fixed on the scalar hydrophone bracket, which was used to real-time monitor hydrophone own attitude and maintain the level of the base array. The direction measured by the compass was the angle between the scalar sensor X-axis positive direction and true north, which was hanging deep water less than 4m and whose sampling frequency was set to 20 kHz. In this study, the underwater explosion signals were simulated by guns sound signals and the sound of three hydrophone signals in the same time was collected by the sound signal acquisition card. By making the Hydrophone No. 1 as the reference hydrophone, the following experiments respectively were conducted:
(1) The underwater explosion signal was imitated by guns sound signal at the position, which was in the scalar array from about 5m and the azimuth of which was 38 °.In the Fig.3(a) ,the diagram describes the guns signals collected by the 3-way hydrophone ,the result shows that the waveform characteristics of the guns sound signals is mainly reflected in the steep rise in amplitude was jumping, and then rapidly decreased exponentially, the whole action process was only 5ms,which is consistent with the main features of an explosion signal. So the method can be used to study the localization based on underwater acoustic source signal. But the precision of time delay estimation is not high, in order to improve the resolution, the interpolation algorithm is used to obtain the relevance of the vector hydrophones as shown in Fig.3 (b) . The correlation coefficient between the vector hydrophone and the time delay values is shown in the following Table 1 .
(2) The underwater explosion signal was imitated by guns sound signals at the position, which was in the scalar-array from about 10 meters and the azimuth of which was 70 °.The results are shown in following Fig.4 and Table 1 .
(3) The underwater explosion signal was imitated by guns sound signals at the position, which was in the scalar array from about 12 meters and the azimuth of which was 90 °. The results are shown in following Fig.5 From the following table 1, the exact location of the correlation peak can be obtained by using interpolation methods. Based on the above time delay estimation principle, the corresponding azimuth and distance are achieved while the roar of guns at different locations is used as the sound source, which is shown in Table 2 . From the experimental results, if the underwater explosion signal is simulated by guns sound signals, using time delay estimation and interpolation algorithm of the three scalar-array can achieve time delay values of higher precision to determine the specific location of the roar of gun, as well as to determine small error of distance and direction estimation.
Conclusion
The three scalar-array is used to research on underwater explosion by obtaining the time delay information to achieve the estimation of distance and azimuth in the paper. The interpolation algorithm is used to improve the precision of time delay estimation in order to get the specific location of explosion signal. The experiment results have verified the effectiveness of underwater explosion as a sound source in passive sonar and the accuracy of time delay estimation, showing that the explosion signals at different locations have small error of localization, high precision and right direction estimation, which has established the theoretical foundation for further experimental research and engineering application.
